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(57) ABSTRACT

An image processor includes: a first division control infor-
mation acquiring circuit configured to acquire division con-
trol information of a first chip; a second division control
information acquiring circuit configured to acquire division
control information of a second chip; a division process
control circuit configured to determine a ratio at which a
process is performed by the first image processing circuit
and a ratio at which a process is performed by the second
image processing circuit, based on the division control
information of the first chip and the division control infor-
mation of the second chip; a division circuit configured to
divide data to be subjected to image processing into first-
chip data and second-chip data at the determined ratios; the
first image processing circuit configured to perform image
processing on the first-chip data; and the second image
processing circuit configured to perform image processing
on the second-chip data.

7 Claims, 4 Drawing Sheets
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1
IMAGE PROCESSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image processor.

Priority is claimed on Japanese Patent Application No.
2014-131261, filed Jun. 26, 2014, the content of which is
incorporated herein by reference.

2. Description of Related Art

With improvements in functionality and performance of
cameras, it has become difficult to perform an imaging
process in a camera satisfactorily using only a single appli-
cation specific integrated circuit (ASIC, a chip). In order to
solve this problem, a method of dividing an imaging process
using two ASICs is known. For example, when a moving
image with a resolution of 4 kx2 k and a frame rate of 30 fps
is processed, a processing area is vertically or horizontally
divided and divided areas are processed in parallel using the
ASICs. Accordingly, it is possible to perform an imaging
process on a moving image with a high resolution and a high
frame rate.

On the other hand, along with the improvements in
functionality and performance of cameras, there are prob-
lems in that power consumption increases and heat is
emitted from a camera body due to the increase in power
consumption. Accordingly, when an imaging process is
performed using two ASICs, it is necessary to divide a
processing area to avoid raising the temperature in the body
due to biasing of a processing load to one ASIC.

However, the condition of temperature rise of each ASIC
varies depending on the shape of the camera body or the
mounting conditions such as arrangement of the ASICs on a
substrate. If image processing is not performed under the
same image processing conditions when the divided image
processing is performed using the ASICs, the processing
results differ and thus it is necessary to set the image
processing conditions in the plural ASICs to be the same.

A control method of stopping an operation of a device
when a temperature value read by a temperature sensor is
equal to or higher than a predetermined threshold value and
operating the device in a low-power mode so as to prevent
the operation from stopping due to a temperature rise when
the temperature value read by the temperature sensor is
equal to or higher than a predetermined second threshold
value is known (for example, see Japanese Unexamined
Patent Application, First Publication No. 2004-330562).

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, an
image processor includes: a first division control informa-
tion acquiring circuit configured to acquire division control
information of a first chip having a first image processing
circuit; a second division control information acquiring
circuit configured to acquire division control information of
a second chip having a second image processing circuit; a
division process control circuit configured to determine a
ratio at which a process is performed by the first image
processing circuit and a ratio at which a process is performed
by the second image processing circuit, based on the divi-
sion control information of the first chip and the division
control information of the second chip; a division circuit
configured to divide data to be subjected to image process-
ing into first-chip data and second-chip data at the ratios
determined by the division process control circuit; the first
image processing circuit configured to perform image pro-

10

15

20

25

30

35

40

45

50

55

60

65

2

cessing on the first-chip data; and the second image pro-
cessing circuit configured to perform image processing on
the second-chip data.

According to a second aspect of the present invention, the
image processor according to the first aspect of the present
invention may further include a display processing circuit
configured to generate the data to be subjected to image
processing on which the image processing has been per-
formed, based on the first-chip data subjected to the image
processing by the first image processing circuit and the
second-chip data subjected to the image processing by the
second image processing circuit.

According to a third aspect of the present invention, in the
image processor according to the first or second aspect of the
present invention, the division control information of the
first chip may be a temperature of the first chip. The division
control information of the second chip may be a temperature
of the second chip.

According to a fourth aspect of the present invention, in
the image processor according to the first or second aspect
of the present invention, the division control information of
the first chip may be an amount of data transferred through
an internal bus of the first chip. The division control infor-
mation of the second chip may be an amount of data
transferred through an internal bus of the second chip.

According to a fifth aspect of the present invention, in the
image processor according to the first or second aspect of the
present invention, the division control information of the
first chip may be an internal processing time of the first chip.
The division control information of the second chip may be
an internal processing time of the second chip.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of an
imaging device according to an embodiment of the present
invention.

FIG. 2 is a diagram schematically illustrating master-chip
data and slave-chip data when a processing ratio between a
master chip and a slave chip is equal to 2:8 in the embodi-
ment.

FIG. 3 is a diagram schematically illustrating master-chip
data and slave-chip data when the processing ratio between
the master chip and the slave chip is equal to 5:5 in the
embodiment.

FIG. 4 is a diagram schematically illustrating master-chip
data and slave-chip data when the processing ratio between
the master chip and the slave chip is equal to 8:2 in the
embodiment.

FIG. 5 is a diagram schematically illustrating master-chip
data and slave-chip data when the processing ratio between
the master chip and the slave chip is equal to 2:8 in the
embodiment.

FIG. 6 is a diagram schematically illustrating master-chip
data and slave-chip data when the processing ratio between
the master chip and the slave chip is equal to 5:5 in the
embodiment.

FIG. 7 is a diagram schematically illustrating master-chip
data and slave-chip data when the processing ratio between
the master chip and the slave chip is equal to 8:2 in the
embodiment.

FIG. 8 is a diagram schematically illustrating a configu-
ration of an imaging device including an image data dividing
circuit.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, an embodiment of the present invention will
be described with reference to the accompanying drawings.
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First, a configuration of an image processing apparatus will
be described. FIG. 1 is a block diagram illustrating a
configuration of an imaging device according to the embodi-
ment. In the illustrated example, an imaging device 100
includes an imager 200 and an image processor 1. The image
processor 1 includes a master chip 10 (first chip), a slave
chip 20 (second chip), and an inter-chip communication bus
30. The master chip 10 and the slave chip 20 are application
specific integrated circuits (ASICs, chips). Accordingly, in
the illustrated example, the image processor 1 includes two
ASICs. The imager 200 is a complementary metal oxide
semiconductor (CMOS) image sensor or a charge coupled
device (CCD) image sensor, and converts light into an
electrical signal and outputs the electrical signal.

The master chip 10 can function as a division control
information generating circuit 11 (first division control
information acquiring circuit), a control circuit 12, an imag-
ing processing circuit 13 (division circuit), a display pro-
cessing circuit 14, an image processing circuit 15 (first
image processing circuit), and an inter-chip communication
control circuit 16. The slave chip 20 can function as a
division control information generating circuit 21 (second
division control information acquiring circuit), a control
circuit 22, an imaging processing circuit 23, a display
processing circuit 24, an image processing circuit 25 (sec-
ond image processing circuit), and an inter-chip communi-
cation control circuit 26. In this way, in the embodiment, the
master chip 10 and the slave chip 20 have the same con-
figuration.

The division control information generating circuit 11
acquires division control information of the master chip 10.
The division control information generating circuit 21
acquires division control information of the slave chip 20.
The division control information is, for example, internal
temperatures of the master chip 10 and the slave chip 20.
When the division control information is the internal tem-
peratures of the master chip 10 and the slave chip 20, the
division control information generating circuit 11 includes a
temperature sensor and acquires the internal temperature of
the master chip 10. The division control information gen-
erating circuit 21 includes a temperature sensor and acquires
the internal temperature of the slave chip 20.

The control circuit 12 controls the master chip 10. The
control circuit 22 controls the slave chip 20. The control
circuit 12 functions as a division process control circuit 121.
The division process control circuit 121 determines a data
processing ratio between the master chip 10 and the slave
chip 20 based on the division control information of the
master chip 10 and the division control information of the
slave chip 20. The method of determining the data process-
ing ratio will be described later. In the embodiment, the
control circuit 22 can also function as the division control
information generating circuit 21.

The imaging processing circuit 13 generates image data
based on an electrical signal output from the imager 200.
The imaging processing circuit 13 divides the image data
into master-chip data (first-chip data) and slave-chip data
(second-chip data) based on the data processing ratio
between the master chip 10 and the slave chip 20 which is
determined by the division process control circuit 121. The
division method will be described later. The imaging pro-
cessing circuit 13 outputs the master-chip data to the image
processing circuit 15 of the master chip 10. The imaging
processing circuit 13 outputs the slave-chip data to the
image processing circuit 25 of the slave chip 20. In the
embodiment, the imaging processing circuit 23 may perform
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4

the same processes as the imaging processing circuit 13, but
the imaging processing circuit 23 does not actually perform
any particular process.

The image processing circuit 15 performs image process-
ing on the master-chip data input from the imaging process-
ing circuit 13. The image processing circuit 25 performs
image processing on the slave-chip data input from the
imaging processing circuit 13. Details of the image process-
ing which is performed by the image processing circuit 15
and the image processing circuit 25 are the same and
parameters used for the image processing are the same.

For example, the same parameters used for the image
processing may be set in advance in the image processing
circuit 15 and the image processing circuit 25. For example,
the same parameters may be used by transmitting the
parameters used for the image processing from the image
processing circuit 15 to the image processing circuit 25. For
example, the same parameters may be used by transmitting
the parameters used for the image processing from the image
processing circuit 25 to the image processing circuit 15. The
image processing which is performed by the image process-
ing circuit 15 and the image processing circuit 25 may be
any process. For example, the image processing circuit 15
and the image processing circuit 25 may perform a noise
removing process as the image processing.

The display processing circuit 14 performs display pro-
cessing on a combination of the data which has been
processed by the image processing circuit 15 of the master
chip 10 and the image processing circuit 25 of the slave chip
20. In the embodiment, the display processing circuit 24
may perform the same process as the display processing
circuit 14, but the display processing circuit 24 does not
actually perform any particular process.

The inter-chip communication control circuit 16 is con-
nected to the inter-chip communication bus 30 and can
transmit and receive data. The inter-chip communication
control circuit 26 is connected to the inter-chip communi-
cation bus 30 and can transmit and receive data. The
inter-chip communication bus 30 is a data transmission line.
Accordingly, the master chip 10 and the slave chip 20 can
transmit and receive data to and from each other via the
inter-chip communication control circuits 16 and 26 and the
inter-chip communication bus 30.

The method, which is performed by the division process
control circuit 121, of determining the data processing ratio
between the master chip 10 and the slave chip 20 will be
described next. In the embodiment, the master chip 10
determines the data processing ratio between the master chip
10 and the slave chip 20 based on the internal temperature
of the master chip 10 acquired by the division control
information generating circuit 11 and the internal tempera-
ture of the slave chip 20 acquired by the division control
information generating circuit 21.

Hereinafter, the internal temperature of the master chip 10
is defined as T,,. The internal temperature of the slave chip
20 is defined as T,. A difference between the internal
temperature T,, of the master chip 10 and the internal
temperature T, of the slave chip 20 is defined as a tempera-
ture difference IT,,—T,l. A first threshold value of the tem-
perature difference is defined as T,,;. A second threshold
value of the temperature difference is defined as T,,,. Here,
LTy

For example, the division process control circuit 121
determines the data processing ratio between the master chip
10 and the slave chip 20 by comparison of the internal
temperature T,,, of the master chip 10 and the internal
temperature T, of the slave chip 20 and by comparison of the
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temperature difference IT,,-T,|I, which is the difference
between the internal temperature T,, of the master chip 10
and the internal temperature T of the slave chip 20, and the
first threshold value T,,; or the second threshold value T,,,,.

Specifically, the division process control circuit 121 deter-
mines the data processing ratio between the master chip 10
and the slave chip 20 based on Conditions 1 to 7.

(Condition 1) When T,>T, and IT, -T >T,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 2:8.

(Condition 2) When T,>T, and IT, T >T,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 4:6.

(Condition 3) When T, >T_ and IT, -T <T,,, are satisfied,
the processing ratio between the master chip 10 and the slave
chip 20 is set to 5:5.

(Condition 4) When T, <T, and T,,-T,I>T,,, are satisfied,
the processing ratio between the master chip 10 and the slave
chip 20 is set to 8:2.

(Condition 5) When T, <T, and IT, T >T,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 6:4.

(Condition 6) When T, <T_ and IT,-T,I<T,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 5:5.

(Condition 7) When T, =T, is satisfied, the processing
ratio between the master chip 10 and the slave chip 20 is set
to 5:5.

Conditions 1 to 7 are only examples and the conditions
may be changed depending on a device configuration or an
environment. The conditions for determining the data pro-
cessing ratio between the master chip 10 and the slave chip
20 may be determined in advance or may be set arbitrarily.

A method, which is performed by the imaging processing
circuit 13, of dividing image data into master-chip data and
slave-chip data will be described below. FIG. 2 is a diagram
schematically illustrating master-chip data and slave-chip
data when the processing ratio between the master chip 10
and the slave chip 20 is equal to 2:8. In the illustrated
example, the imaging processing circuit 13 divides an image
into master-chip data 301 (processing area M) on a left side
of the image and slave-chip data 302 (processing area S) on
a right side of the image. The master-chip data 301:the
slave-chip data 302 is set to 2:8.

FIG. 3 is a diagram schematically illustrating master-chip
data and slave-chip data when the processing ratio between
the master chip 10 and the slave chip 20 is equal to 5:5. In
the illustrated example, the imaging processing circuit 13
divides an image into master-chip data 301 on a left side of
the image and slave-chip data 302 on a right side of the
image. The master-chip data 301:the slave-chip data 302 is
set to 5:5.

FIG. 4 is a diagram schematically illustrating master-chip
data and slave-chip data when the processing ratio between
the master chip 10 and the slave chip 20 is equal to 8:2. In
the illustrated example, the imaging processing circuit 13
divides an image into master-chip data 301 on a left side of
the image and slave-chip data 302 on a right side of the
image. The master-chip data 301:the slave-chip data 302 is
set to 8:2.

In this way, the imaging processing circuit 13 divides
image data into master-chip data and slave-chip data based
on the processing ratio determined by the division process
control circuit 121. The imaging processing circuit 13 may
divide the image data into slave-chip data on the right side
of'the image data and master-chip data on the left side of the
image data.
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The imaging processing circuit 13 may vertically divide
the image data instead of horizontally dividing the image
data. FIG. 5 is a diagram schematically illustrating master-
chip data and slave-chip data when the processing ratio
between the master chip 10 and the slave chip 20 is equal to
2:8. In the illustrated example, the imaging processing
circuit 13 divides an image into master-chip data 301 on an
upper side of the image and slave-chip data 302 on a lower
side of the image. The master-chip data 301:the slave-chip
data 302 is set to 2:8.

FIG. 6 is a diagram schematically illustrating master-chip
data and slave-chip data when the processing ratio between
the master chip 10 and the slave chip 20 is equal to 5:5. In
the illustrated example, the imaging processing circuit 13
divides an image into master-chip data 301 on an upper side
of the image and slave-chip data 302 on a lower side of the
image. The master-chip data 301:the slave-chip data 302 is
set to 5:5.

FIG. 7 is a diagram schematically illustrating master-chip
data and slave-chip data when the processing ratio between
the master chip 10 and the slave chip 20 is equal to 8:2. In
the illustrated example, the imaging processing circuit 13
divides an image into master-chip data 301 on an upper side
of the image and slave-chip data 302 on a lower side of the
image. The master-chip data 301:the slave-chip data 302 is
set to 8:2.

The imaging processing circuit 13 may divide the image
data into slave-chip data on the upper side of the image data
and master-chip data on the lower side of the image data.
The imaging processing circuit 13 may divide the image
data in any shape as long as the division is based on the
processing ratio determined by the division process control
circuit 121.

The operation flow of the image processor 1 will be
described next. For every predetermined period while the
image processor 1 is operating, the division control infor-
mation generating circuit 11 acquires the internal tempera-
ture of the master chip 10 and the division control informa-
tion generating circuit 21 acquires the internal temperature
of the slave chip 20. The internal temperature of the master
chip 10 acquired by the division control information gener-
ating circuit 11 is input to the division process control circuit
121 of the control circuit 12. The internal temperature of the
slave chip 20 acquired by the division control information
generating circuit 21 is input to the division process control
circuit 121 of the control circuit 12 via the inter-chip
communication control circuits 16 and 26 and the inter-chip
communication bus 30. The predetermined period is, for
example, whenever the imager 200 captures images of
frames or whenever the mode of the imager 200 is changed.

Subsequently, the division process control circuit 121
determines the data processing ratio between the master chip
10 and the slave chip 20 based on the input internal
temperature of the master chip 10 and the input internal
temperature of the slave chip 20. The method of determining
the processing ratio is the same as described above. The
processing ratio determined by the division process control
circuit 121 is input to the imaging processing circuit 13.

The imaging processing circuit 13 divides image data into
master-chip data and slave-chip data based on the input
processing ratio. The method of dividing image data into
master-chip data and slave-chip data is the same as described
above. The master-chip data divided by the imaging pro-
cessing circuit 13 is input to the image processing circuit 15.
The slave-chip data divided by the imaging processing
circuit 13 is input to the image processing circuit 25 via the
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inter-chip communication control circuits 16 and 26 and the
inter-chip communication bus 30.

The image processing circuit 15 performs image process-
ing on the input master-chip data. The image processing
circuit 25 performs image processing on the input slave-chip
data. The image processing circuit 15 and the image pro-
cessing circuit 25 perform the same image processing using
the same parameters. The master-chip data subjected to the
image processing by the image processing circuit 15 is input
to the display processing circuit 14. The slave-chip data
subjected to the image processing by the image processing
circuit 25 is input to the display processing circuit 14 via the
inter-chip communication control circuits 16 and 26 and the
inter-chip communication bus 30.

The display processing circuit 14 combines the input
master-chip data completely subjected to the image process-
ing and the input slave-chip data completely subjected to the
image processing and outputs the result as image data of a
sheet. For example, the image data output from the display
processing circuit 14 may be displayed by a display circuit
which is not illustrated or may be stored in a memory circuit
which is not illustrated.

As described above, according to the embodiment, the
division control information generating circuit 11 acquires
the internal temperature of the master chip 10. The division
control information generating circuit 21 acquires the inter-
nal temperature of the slave chip 20. The division process
control circuit 121 determines the processing ratio based on
the internal temperature of the master chip 10 and the
internal temperature of the slave chip 20. The imaging
processing circuit 13 divides the image data into master-chip
data and slave-chip data based on the processing ratio. The
image processing circuit 15 of the master chip 10 performs
image processing on the master-chip data and the image
processing circuit 25 of the slave chip 20 performs image
processing on the slave-chip data.

According to this configuration, the image processing can
be divisionally performed by the master chip 10 and the
slave chip 20 based on the internal temperature of the master
chip 10 and the internal temperature of the slave chip 20.
Accordingly, even when the image processing is performed
using two chips (ASICs), the processing load is not biased
to one chip and the image processing can be divisionally
performed. That is, it is possible to prevent the internal
temperature of the master chip 10 and the internal tempera-
ture of the slave chip 20 from greatly differing.

Therefore, even when an image area is divisionally sub-
jected to image processing using a plurality of chips, it is
possible to perform the image processing without stopping
the operation of the device and without the image processing
result varying in a single image.

In the above-mentioned embodiment, the timing at which
the internal temperature of the master chip 10 and the
internal temperature of the slave chip 20 are acquired is set
to every predetermined period, but the present invention is
not limited to this configuration. The timing at which the
internal temperatures are acquired may be set to be variable,
for example, by storing the temperature information of the
previous time in the master chip 10 and the slave chip 20 and
shortening the period in which the internal temperatures are
acquired when the currently-acquired internal temperature is
substantially higher than the previously-acquired internal
temperature.

In the configuration of the image processor 1 illustrated in
FIG. 1, the master chip 10 and the slave chip 20 have the
same configuration, but the present invention is not limited
to this configuration. For example, the circuit scale may be
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narrowed down to have only necessary functions. For
example, the division process control circuit 221, the imag-
ing processing circuit 23, or the display processing circuit 24
of the slave chip 20 may be omitted.

The division control information acquired by the division
control information generating circuits 11 and 21 is not
limited to the internal temperature of the master chip and the
internal temperature of the slave chip 20. For example, the
division control information may be an amount of data
transferred through an internal bus of the master chip 10 or
an amount of data transferred through an internal bus of the
slave chip 20. The method of determining the data process-
ing ratio between the master chip 10 and the slave chip 20
based on the amount of data transferred through the internal
bus of the master chip 10, which is acquired by the division
control information generating circuit 11, and the amount of
data transferred through the internal bus of the slave chip 20,
which is acquired by the division control information gen-
erating circuit 21, will be described below.

Hereinafter, the total number of times the master chip 10
performs direct memory access (DMA) transmission is
defined as D,,. The total number of times the slave chip 20
performs DMA transmission is defined as D,. A difference
between the total number of times the master chip 10
performs DMA transmission D,, and the total number of
times the slave chip 20 performs DMA transmission D is
defined as a difference in the total number of times DMA
transmission is performed |D,,-D.I. A first threshold value
of the difference in the total number of times DMA trans-
mission is performed is defined as D,;,,. A second threshold
value of the difference in the total number of times DMA
transmission is performed is defined as D,,. Here,
D, >Dy

For example, the division process control circuit 121
determines the data processing ratio between the master chip
10 and the slave chip 20 by comparison of the total number
of times the master chip 10 performs DMA transmission D,,
and the total number of times the slave chip 20 performs
DMA transmission D, and by comparison of the difference
in the total number of times DMA transmission is performed
ID,,-D,l, which is the difference between the total number
of times the master chip 10 performs DMA transmission D,,
and the total number of times the slave chip 20 performs
DMA transmission D, and the first threshold value D,,, or
the second threshold value D,,,.

Specifically, the division process control circuit 121 deter-
mines the data processing ratio between the master chip 10
and the slave chip 20 based on Conditions 11 to 17.

(Condition 11) When D, >D, and ID,,-D>D,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 2:8.

(Condition 12) When D, >D, and ID,,-D,l=zD,,, are sat-
isfied, the processing ratio between the master chip 10 and
the slave chip 20 is set to 4:6.

(Condition 13) When D, >D, and ID,,-D <D,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 5:5.

(Condition 14) When D, <D, and ID,,-D,I>D,,, are sat-
isfied, the processing ratio between the master chip 10 and
the slave chip 20 is set to 8:2.

(Condition 15) When D, <D, and ID,,-D,I>D,,, are sat-
isfied, the processing ratio between the master chip 10 and
the slave chip 20 is set to 6:4.

(Condition 16) When D, <D, and ID,,~D=D,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 5:5.
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(Condition 17) When D, =D is satisfied, the processing
ratio between the master chip 10 and the slave chip 20 is set
to 5:5.

Conditions 11 to 17 are only examples and the conditions
may be changed depending on a device configuration or an
environment. The conditions for determining the data pro-
cessing ratio between the master chip 10 and the slave chip
20 may be determined in advance or may be set arbitrarily.

The division control information which is acquired by the
division control information generating circuits 11 and 21 is
not limited to the internal temperature of the master chip 10
or the internal temperature of the slave chip 20. For example,
the division control information may be an operation mode
of the imaging device 100. The method of determining the
data processing ratio between the master chip 10 and the
slave chip 20 based on the operation mode of the imaging
device 100 which is acquired by the division control infor-
mation generating circuit 11 (or the division control infor-
mation generating circuit 21) will be described below.

For example, when the operation mode of the imaging
device 100 is a “still image capturing mode,” the division
process control circuit 121 sets the processing ratio between
the master chip 10 and the slave chip 20 to 10:0. That is, the
division process is not performed and the image processing
is performed using only the master chip 10.

For example, when the operation mode of the imaging
device 100 is a “moving image capturing mode,” the divi-
sion process control circuit 121 sets the processing ratio
between the master chip 10 and the slave chip 20 to 5:5.

For example, when the operation mode of the imaging
device 100 is a “still image+moving image capturing mode
(simultaneous image capturing mode),” the division process
control circuit 121 sets the processing ratio between the
master chip 10 and the slave chip 20 to 3:7.

The aforementioned conditions are only examples and the
conditions may be changed depending on a device configu-
ration or an environment. The conditions for determining the
data processing ratio between the master chip 10 and the
slave chip 20 may be determined in advance or may be set
arbitrarily.

The division control information which is acquired by the
division control information generating circuits 11 and 21 is
not limited to the internal temperature of the master chip 10
or the internal temperature of the slave chip 20. For example,
the division control information may be an internal process-
ing time of the master chip 10 or an internal processing time
of the slave chip 20. The method of determining the data
processing ratio between the master chip 10 and the slave
chip 20 based on the internal processing time of the master
chip 10 which is acquired by the division control informa-
tion generating circuit 11 and the internal processing time of
the slave chip 20 which is acquired by the division control
information generating circuit 21 will be described below.

Hereinafter, the number of process cycles of the master
chip 10 is defined as C,,. The number of process cycles of
the slave chip 20 is defined as C,. A difference between the
number of process cycles C,, of the master chip 10 and the
number of process cycles C; of the slave chip 20 is defined
as a difference in the number of process cycles IC,—~C . A
first threshold value of the difference in the number of
process cycles is defined as C,,;. A second threshold value
of the difference in the number of process cycles is defined
as C,,. Here, C,,>C,,,.

For example, the division process control circuit 121
determines the data processing ratio between the master chip
10 and the slave chip 20 by comparison of the number of
process cycles C,, of the master chip 10 and the number of
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process cycles C, of the slave chip 20 and by comparison of
the difference in the number of process cycles IC,,-C,
which is the difference between the number of process
cycles C,, of the master chip 10 and the number of process
cycles C; of the slave chip 20, and the first threshold value
C,;,; or the second threshold value C,,,.

Specifically, the division process control circuit 121 deter-
mines the data processing ratio between the master chip 10
and the slave chip 20 based on Conditions 21 to 27.

(Condition 21) When C,>C_ and IC,,-C |>C,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 2:8.

(Condition 22) When C,>C_ and IC,,-C >C,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 4:6.

(Condition 23) When C,>C_ and IC,,-C <C,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 5:5.

(Condition 24) When C, <C_ and IC,,-C >C,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 8:2.

(Condition 25) When C, <C_ and IC,,-C |>C,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 6:4.

(Condition 26) When C, <C_ and IC,-C <C,,, are satis-
fied, the processing ratio between the master chip 10 and the
slave chip 20 is set to 5:5.

(Condition 27) When C,=C, is satisfied, the processing
ratio between the master chip 10 and the slave chip 20 is set
to 5:5.

Conditions 21 to 27 are only examples and the conditions
may be changed depending on a device configuration or an
environment. The conditions for determining the data pro-
cessing ratio between the master chip 10 and the slave chip
20 may be determined in advance or may be set arbitrarily.

A method of changing a ratio of an operation load of the
master chip 10 to an operation load of the slave chip 20 is
not limited to changing of the processing ratio. For example,
the operation load of the master chip 10 and the operation
load of the slave chip 20 may be changed by changing an
operation frequency of the master chip 10 and an operation
frequency of the slave chip 20. The method of changing the
operation load of the master chip 10 and the operation load
of the slave chip 20 by changing the operation frequency of
the master chip 10 and the operation frequency of the slave
chip 20 will be described below.

Hereinafter, the internal temperature of the master chip 10
is defined as T,,. The internal temperature of the slave chip
20 is defined as T,. A difference between the internal
temperature T,, of the master chip 10 and the internal
temperature T, of the slave chip 20 is defined as a tempera-
ture difference IT,,-T,|. A first threshold value of the tem-
perature difference is defined as T,,;. A second threshold
value of the temperature difference is defined as T,,,. Here,
LT

For example, the division process control circuit 121
determines the operation frequency of the master chip 10
and the operation frequency of the slave chip 20 by com-
parison of the internal temperature T,, of the master chip 10
and the internal temperature T of the slave chip 20 and by
comparison of the temperature difference 1T, ~T |, which is
the difference between the internal temperature T,, of the
master chip and the internal temperature T of the slave chip
20, and the first threshold value T,,; or the second threshold
value T,,.
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Specifically, the division process control circuit 121 deter-
mines the operation frequency of the master chip 10 and the
operation frequency of the slave chip 20 based on Condi-
tions 31 to 37.

(Condition 31) When T, >T, and IT,,-T,I>T,,, are satis-
fied, the operation frequency of the master chip 10:the
operation frequency of the slave chip 20 is set to 162
MHz:240 MHz.

(Condition 32) When T, >T_ and IT, -T >T,,, are satis-
fied, the operation frequency of the master chip 10:the
operation frequency of the slave chip 20 is set to 192
MHz:216 MHz.

(Condition 33) When T,,>T, and IT,,-T,I<T,,, are satis-
fied, the operation frequency of the master chip 10:the
operation frequency of the slave chip 20 is set to 192
MHz:192 MHz.

(Condition 34) When T, <T, and IT,,-T,I>T,,, are satis-
fied, the operation frequency of the master chip 10:the
operation frequency of the slave chip 20 is set to 240 MHz:
162 MHz.

(Condition 35) When T, <T_ and IT, -T >T,,, are satis-
fied, the operation frequency of the master chip 10:the
operation frequency of the slave chip 20 is set to 216
MHz:192 MHz.

(Condition 36) When T,,<T, and IT,,-T I<T,,, are satis-
fied, the operation frequency of the master chip 10:the
operation frequency of the slave chip 20 is set to 192
MHz:192 MHz.

(Condition 37) When T, =T, is satisfied, the operation
frequency of the master chip 10:the operation frequency of
the slave chip 20 is set to 192 MHz:192 MHz.

Conditions 31 to 37 are only examples and the conditions
may be changed depending on a device configuration or an
environment. The conditions for determining the operation
frequency of the master chip 10 and the operation frequency
of the slave chip 20 may be determined in advance or may
be set arbitrarily.

In the above-mentioned embodiment, the division control
information generating circuit 11 includes the temperature
sensor and acquires the internal temperature of the master
chip 10 and the division control information generating
circuit 21 includes the temperature sensor and acquires the
internal temperature of the slave chip 20, but the present
invention is not limited to this configuration. For example,
it is assumed that a different dynamic random access
memory (DRAM) is disposed in the vicinity of each of the
master chip 10 and the slave chip 20, and each DRAM is
provided with a temperature sensor. In this case, the division
control information generating circuit 11 may acquire the
temperature from the DRAM disposed in the vicinity of the
master chip 10 and may set the acquired temperature as the
internal temperature of the master chip 10. The division
control information generating circuit 21 may acquire the
temperature from the DRAM disposed in the vicinity of the
slave chip 20 and may set the acquired temperature as the
internal temperature of the slave chip 20.

In the above-mentioned embodiment, the division control
information generating circuit 11 includes the temperature
sensor and acquires the internal temperature of the master
chip 10 and the division control information generating
circuit 21 includes the temperature sensor and acquires the
internal temperature of the slave chip 20, but the present
invention is not limited to this configuration. For example,
it is assumed that the imager 200 is disposed in the vicinity
of the master chip 10 and the imager 200 is provided with
a temperature sensor. In this case, the division control
information generating circuit 11 of the master chip 10
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disposed in the vicinity of the imager 200 may acquire the
temperature from the imager 200 and may set the acquired
temperature as the internal temperature of the master chip
10.

For example, it is assumed that the imager 200 is disposed
in the vicinity of the slave chip 20 and the imager 200 is
provided with a temperature sensor. In this case, the division
control information generating circuit 21 of the slave chip 20
disposed in the vicinity of the imager 200 may acquire the
temperature from the imager 200 and may set the acquired
temperature as the internal temperature of the slave chip 20.

The method of changing the ratio of the operation load of
the master chip 10 to the operation load of the slave chip 20
is not limited to changing of the processing ratio. For
example, the operation load of the master chip 10 and the
operation load of the slave chip 20 may be changed by
changing a functional unit performing the image processing
in the master chip 10 and a functional unit performing the
image processing in the slave chip 20.

In the above-mentioned embodiment, the division control
information generating circuit 11 is directly connected to the
control circuit 12 and the output of the division control
information generating circuit 11 is directly input to the
control circuit 12, but the present invention is not limited to
this configuration. For example, the division control infor-
mation generating circuit 11 may be connected to the control
circuit 12 via a data bus and the output of the division control
information generating circuit 11 may be input to the control
circuit 12 via the data bus.

In the above-mentioned embodiment, the imager 200 is
connected to only the master chip 10, but the present
invention is not limited to this configuration. For example,
an image data dividing circuit dividing the output of the
imager 200 may be provided and may divide the output of
the imager 200 and input the divided output to the master
chip 10 and the slave chip 20.

FIG. 8 is a diagram schematically illustrating a configu-
ration of an imaging device 400 including an image data
dividing circuit. In the illustrated example, the imaging
device 400 includes an imager 200 and an image processor
2. The image processor 2 includes an image data dividing
circuit 500 (division circuit), a master chip 10, a slave chip
20, and an inter-chip communication bus 30. The configu-
ration of the master chip 10 and the configuration of the
slave chip 20 are the same as illustrated in FIG. 1.

The image data dividing circuit 500 divides an electrical
signal output from the imager 200 into a master-chip elec-
trical signal and a slave-chip electrical signal based on the
data processing ratio between the master chip 10 and the
slave chip 20, which are determined by the division process
control circuit 121. The method of dividing an electrical
signal into a master-chip electrical signal and a slave-chip
electrical signal is the same as the method of dividing image
data into master-chip data and slave-chip data, which is
performed by the imaging processing circuit 13 and is
illustrated in FIGS. 2 to 7.

The image data dividing circuit 500 outputs the master-
chip electrical signal to the imaging processing circuit 13 of
the master chip 10. The image data dividing circuit 500
outputs the slave-chip electrical signal to the imaging pro-
cessing circuit 23 of the slave chip 20.

The imaging processing circuit 13 generates master-chip
data based on the master-chip electrical signal. The imaging
processing circuit 23 generates slave-chip data based on the
slave-chip electrical signal. The subsequent processes
thereof are the same as described above.
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In the above-mentioned embodiment, the image processor
1 includes two ASICs such as the master chip 10 and the
slave chip 20, but the present invention is not limited to this
configuration. For example, the image processor 1 may
include three or more ASICs. The image processor 1 may be
configured such that each circuit in the above-mentioned
embodiment is divisionally mounted on a wiring substrate.

All or some of the functions of the circuits of the image
processor 1 may be realized by recording a program for
realizing the functions on a computer-readable recording
medium, reading the program recorded on the recording
medium in a computer system, and executing the program
therein. Here, the “computer system” includes an operating
system (OS) or hardware such as peripheral devices.

Examples of the “computer-readable recording medium”
include portable mediums such as a flexible disk, a magneto-
optical disc, a ROM, and a CD-ROM and a memory circuit
such as a hard disk built in a computer system. The “com-
puter-readable recording medium” may include a medium
that dynamically holds a program for a short time like a
communication line when the program is transmitted via a
network such as the Internet or a communication circuit such
as a telephone circuit and a medium that temporarily holds
the program for a predetermined time like a volatile memory
in a computer system serving as a server or a client in that
case. The program may be configured to realize some of the
above-mentioned functions or may be configured to realize
the above-mentioned functions by combination with a pro-
gram recorded in advance in a computer system.

While embodiments of the present invention have been
described above in detail with reference to the accompany-
ing drawings, the specific configuration thereof is not lim-
ited to the aforementioned embodiments and includes vari-
ous modifications in design without departing from the spirit
and scope of the present invention. The present invention is
not limited to the above description, and is defined by only
the scope of the appended claims.

What is claimed is:

1. An image processor comprising:

a first division control information acquiring circuit con-
figured to acquire division control information of a first
chip having a first image processing circuit during a
first period, the division control information of the first
chip including a temperature of the first chip;

a second division control information acquiring circuit
configured to acquire division control information of a
second chip having a second image processing circuit
during the first period, the division control information
of the second chip including a temperature of the
second chip;

a division process control circuit configured to determine
a ratio at which a process is performed by the first
image processing circuit and a ratio at which a process
is performed by the second image processing circuit,
based on the division control information of the first
chip and the division control information of the second
chip;

a division circuit configured to divide data to be subjected
to image processing into first-chip data and second-chip
data at the ratios determined by the division process
control circuit;

the first image processing circuit configured to perform
image processing on the first-chip data using predeter-
mined parameters; and
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the second image processing circuit configured to perform
image processing on the second-chip data using the
predetermined parameters used in the first image pro-
cessing circuit, wherein,
the first division control information acquiring circuit is
configured to compare the current temperature of the
first chip with a previous temperature of the first chip
acquired during a prior first period, and when it is
determined that the current temperature of the first
chip is higher than the previous temperature of the
first chip, the first division control information
acquiring circuit is configured to acquire the division
control information of the first chip at a second
period that is shorter than the first period, and

the second division control information acquiring cir-
cuit is configured to compare the current temperature
of'the second chip with a previous temperature of the
second chip acquired during the prior first period,
and when it is determined that the current tempera-
ture of the second chip is higher than the previous
temperature of the second chip, the second division
control information acquiring circuit is configured to
acquire the division control information of the sec-
ond chip at a third period that is shorter than the first
period.

2. The image processor according to claim 1, further
comprising a display processing circuit configured to gen-
erate the data to be subjected to image processing on which
the image processing has been performed, based on the
first-chip data subjected to the image processing by the first
image processing circuit and the second-chip data subjected
to the image processing by the second image processing
circuit.

3. The image processor according to claim 1, further
comprising an imaging circuit, wherein

the first period is a time interval that is required for
acquiring images of a predetermined number of frames
by the imaging circuit.

4. The image processor according to claim 1, further

comprising an imaging circuit, wherein

the first period is a period at which an operation mode of
the imaging circuit is changed.

5. The image processor according to claim 1, further
comprising a communication bus that connects the first chip
and the second chip together, wherein,

the division control information of the second chip
acquired by the second division control information
acquiring circuit is input to the first division control
information acquiring circuit through the communica-
tion bus.

6. An image processor comprising:

a first division control information acquiring circuit con-
figured to acquire division control information of a first
chip having a first image processing circuit during a
first period, the division control information of the first
chip including a temperature of the first chip;

a second division control information acquiring circuit
configured to acquire division control information of a
second chip having a second image processing circuit
during the first period, the division control information
of the second chip including a temperature of the
second chip;

a division process control circuit configured to determine
a first function performed by the first image processing
circuit and a second function different from the first
function and performed by the second image process-
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ing circuit, based on the division control information of

the first chip and the division control information of the

second chip;

the first image processing circuit configured to perform

image processing on first-chip data based on the first

function determined by the division process control

circuit; and

the second image processing circuit configured to perform

image processing on second-chip data based on the

second function determined by the division process

control circuit, wherein,

the first division control information acquiring circuit is
configured to compare the current temperature of the
first chip with a previous temperature of the first chip
acquired during the first period before, and when it
is determined that the current temperature of the first
chip is higher than the previous temperature of the
first chip, the first division control information
acquiring circuit is configured to acquire the division
control information of the first chip at a second
period that is shorter than the first period, and
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the second division control information acquiring cir-
cuit is configured to compare the current temperature
of the second chip with the previous temperature of
the second chip acquired during the first period
before, and when it is determined that the current
temperature of the second chip is higher than the
previous temperature of the second chip, the second
division control information acquiring circuit is con-
figured to acquire the division control information of
the second chip at a third period that is shorter than
the first period.

7. The image processor according to claim 6, further
comprising a display processing circuit configured to gen-
erate data to be subjected to image processing on which the
image processing has been performed, based on the first-
chip data subjected to the image processing by the first
image processing circuit and the second-chip data subjected
to the image processing by the second image processing
circuit.



